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| NDI ANA DEPARTMENT OF TRANSPORTATI ON
VATERI ALS AND TESTS DI VI SI ON

PERVEABI LI TY OF AGGREGATES
| TM No. 208-00T

1. SCOPE

1.1 This test method is used to determine the coefficient of permeability of an
aggregate sieve under a constant head.

1.2 The values stated in either SI netric or acceptable English units are to be
regarded separately as standard, as appropriate for a specification with which this ITMis
used. Wthin the text, English units are shown in parenthesis. The values stated in each
system may not be exact equivalents; therefore each systemshall be used i ndependently of
the other, wi thout comrbining values in any way.

1.2 This I TM may invol ve hazardous materials, operations, and equipnent. This |ITM
does not purport to address all of the safety problenms associated with the I TMs use. The
| TM user's responsibility is to establish appropriate safety and health practices and
determ ne the applicability of regulatory limtations prior to use.
2. S| GNI FI CANCE AND USE

2.1 This ITMis used to neasure the rate of flow of water through an aggregate.

2.2 This test is valid for aggregates with a top size of 38 mmor snaller that
contains | ess than 20% passi ng the 75um si eve.

2.3 This test is nore accurate under conditions of laminar flow A perneability
constant of less than 0.001 nisec indicates lanminar flowis nore likely. A perneability
constant greater than 0.001 nisec indicates that lamnar flowis less likely.

3. REFERENCES
3.1 AASHTO
M2 Standard Specification for Wre Cloth and Sieves for Testing Purposes
T87 Dry Preparation of Disturbed Soil and Soil Aggregate Sanples for Test
T248 Reducing Field Sanples of Aggregate to Testing Size
T265 Laboratory Deternination of Misture Content of Soils
3.1 I T™

| TM 207 Sanpling Stockpil ed Aggregates

4, TERM NOLOGY

4.1 Terms and Abbreviations. Definitions for terms and abbreviations will be in
accordance with the Department's Standard Specifications, Section 101



5. APPARATUS

5.1 Perneanmeter. An apparatus used to determ ne the perneability of an aggregate.
The perneaneter includes the reservoir assenbly, nold, |ocking ring, tubes and drain pan

5.2 Reservoir Assenmbly. That portion of the permeaneter used to provide and regul ate
a flow of water through an aggregate sanmple. The reservoir assenbly includes the reservoir
pi pe, hoses, and lid.

5.3 Reservoir. A cylindrical vessel having an open top, one inlet, two outlets a
m ni mum hei ght of 250 mm and m ni mum di ameter of 250 mm The inlet shall have an inside
di aneter of 15 mm and be |l ocated 216 nm above the base. The overflow outlet shall have a 15
nm i nsi de di ameter and be | ocated 63 mm above the base. The base outlet shall have an
i nside dianeter of 21 mm and be | ocated in the center of the base to acconmpdate the pipe.

5.4 Pipe. The pipe connects the |lid to the reservoir. The pipe shall have a 21 mm
i nside dianeter. The pipe shall be |ong enough to provide 300 mm di stance between the
bottom of the lid and the mddle of the overflow outlet in the reservoir

5.5 Hoses. Flexible tubing 1.0 - 1.5 mlong with an inside dianmeter of 17 nm The
inl et hose shall be used to connect the water source to the reservoir inlet. The outl et
hose shall be used to connect the overflow outlet to the drain.

5.6 Lid. The lid covers the top of the mbld. The lid shall have a gasket to provide
a watertight seal, a valve to allow the escape of trapped air, and an inlet in the center to
accommodat e t he pi pe.

5.7 Mold. A cylindrical vessel having a rounded bottom open top, one outlet, two
manomet er connections, a height of approximately 218 nmm and insi de di aneter of approxi mately
204 mm The nold outlet shall have an inside diameter of 19 mmand be |ocated in the center
of the base. The | ower manoneter connection shall be |ocated 152 mm bel ow the top of the
nol d. The upper manoneter connection shall be | ocated 25 mm bel ow the top of the nold.

5.8 Locking Ring. A netal ring with bolt used to secure the lid to the nold to nake a
wat erti ght seal

5.9 Tubes. Two flexible clear plastic tubes, at least 1 mlong, which affix to the
manomnet er connections and di splay the head of water at each nanonmeter connection

5.10 Drain Pan. A shallow cylindrical vessel at |east 300 nmin dianmeter and 125 mm
deep having an outlet with an inside diameter of 25 mmnear the top. The drain pan is
pl aced under the perneaneter to collect the water flowi ng out of the nold and to provide a
constant depth of water.

5.11 Bottom Screen. A square piece of test grade woven wire cloth with an average
opening of 9.5 nm approxi mately 40 nm square in accordance with M 92

5.12 Top Screen. A piece of test grade woven wire cloth with an average openi ng of
4.75 mm approxi mately 200 mmin dianeter in accordance with M 92. The top screen will fit
closely within the nmold to prevent the | oss of fines.

5.13 Laboratory Gravel. A washed, well rounded, uncrushed, uniform graded gravel with
100% passing the 12.5 mm sieve and 100% retained on the 9.5 mnmsieve. The quantity of
material shall be sufficient to provide a firm well draining, |evel foundation to support
the top screen at the height of the | ower manoneter connection



5.14 Vibrating Table. A table, with noveable top, that vibrates to hel p conpact the
speci men inside the nold.

5.15 Card board Cover. A round waterproof piece of cardboard that fits tightly inside
the nold and is used to contain the specinen during conpaction

5.16 Conpaction Weight. A round 9 kg weight that fits inside the nmold and is used to
conpact the speci nen.

5.17 Spacers. Shins of various thickness used in the drain pan to control the height
of the nold so that the bottomof the specinen is at the sane elevation as the water

5.18 Bracket. A vertical steel rod with a heavy flat base and adjustable clanps to
hol d the manoneter tubes in a vertical position

5.20 Deflector. A strip of stiff material 30 + 10 mMmwi de placed in the reservoir to
i ntercept and disperse the flow of water and prevent a vortex in the reservoir

5.21 Collection Bucket. A 20 liter container that sits in the sink and is used to
collect the flow of water out of the drain pan for 60 seconds.

5.22 M scel l aneous | ab equi pnent. Includes clock, scoop, rubber stopper, ruler, flat
pan, cork stopper, |large mxing bow .
6. SAMPLI NG

6.1 Obtain at |least 10 kg of the aggregate to be tested in accordance with | TM 207

6.2 Reduce the sanple to a 9,000 + 50 g speci nen in accordance w th T248.

7. PREPARATI ON OF TEST SPECI MEN
7.1 DETERM NE MASS OF Al R DRI ED SPECI MEN
7.1.1 Measure and record the mass of the flat pan
7.1.2 Transfer the specinen to the flat pan
7.1.3 Air dry the specinen in accordance with T87.

7.1.4 Measure and record the nmass of the flat pan and the air dried specinen
(initial).

7.1.5 Calculate the nmass of the air dried specinmen (initial).

Msi = Mps - Mo
Wher e:
Msi mass of air dried specinen (initial) in g.

Mos mass of flat pan and air dried specinen (initial) in g.
M = nass of flat pan in g.



7.2 PREPARE PERVEAMETER
7.2.1 Place the pernmeaneter on a hard, |evel, work surface adjacent to a sink
7.2.2 Measure and record the inside dianeter of the nold to the nearest 1 nm

7.2.3 Place a rubber stopper in the drain hole of the nold fromthe underside. The
stopper shall not protrude into the nold so as to displace the bottom screen

7.2.4 Place the bottom screen in the bottomof the nmold to cover the drain hole.

7.2.5 Place the laboratory gravel in the bottomof the nold and ensure the bottom

screen does not nove.

7.2.6 Place the top screen over the | aboratory gravel.

7.2.7 Conpact and | evel the l|aboratory gravel by pushing down and rotating the top

Screen.

7.2.8 Measure and record the distance between the top of the nold and the top screen

at the four quarter points around the circunference of the nold and in the center of the
nold to the nearest 1 nmm

7.2.9 Calculate and record the average hei ght between the top of the nold and the top

SCreen.

Hba = (Hbl + Hb2 + Hb3 + Hb4 + Hb5)/5
Wher e:
Hba = average hei ght between the top screen and the top of the mold in mm
Hbl, Hb2, Hb3, Hb4 = height at four quarter points around the circunference of
the nold in nm
Hb5 = height at the center of the mold in mm
7.2.10 Measure and mark the l[ocation of top screen on the outside of the nold.

7.2.11 Measure and record the nass of the nold with rubber stopper, bottom screen, pea
and top screen to the nearest 1 g.

7.3 PREPARE SPECI MEN

7.3.1 Place the specinen in a |arge m xi ng bow .

7.3.2 Determne the amobunt of water required to make 9% noi sture content.
MM = .09 x Msi
Wher e:

Mn9
VBi

mass of water required in g.
mass of air dried specinen (initial) in g.

7.3.3 Add the required water to the speci nen and m x thoroughly ensuring that the

fines in the bottomof the bowl are wet.



7.4 LOAD THE SPECI MEN

7.4.1 Place the nold onto the vibrating table.

7.4.2 Place and level one third of the specinen in the nmold using a scoop
7.4.3 Place a cardboard cover on top of the specinen in the nold.

7.4.4 Place the | ead weight on top of the cardboard cover.
7.4.5 Turn on the vibrating table.

7.4.6 Vibrate the specinmen for two mnutes while pushing down firmy and rotating the
conpaction wei ght with both hands.

7.4.7 Turn off the vibrating table.
7.4.8 Repeat 7.15 through 7.20 until the conplete specinen is conpacted in the nold.

7.4.9 Measure and record the mass of the nold with rubber stopper, bottom screen, pea
gravel, top screen and specinen with 9% noisture to the nearest 1 g.

7.5 DETERM NE SPECI MEN PARANMETERS

7.5.1 Calculate the nass of the specinmen w th 9% noi sture.

Ms9 = nmss of the specinen with 9% noisture in g.
Mrs = mass of the nold with rubber stopper, bottom screen, |aboratory gravel,
top screen and specinmen with 9% noisture in g.

Mn = nass of the mold with rubber stopper, bottom screen, |aboratory gravel and
top screen in g.

7.5.2 Measure and record the distance between the top of the nold and the top of the
speci men at the four quarter points around the perinmeter of the nmold and in the center of
the nold to the nearest 1 nmm

7.5.3 Calculate and record the average hei ght between the top of the nold and the top
of the specinen.

Ha = (Ht1+ H2 + H3 + H4 + H5)/5

Wher e:
Hta = average hei ght between top of the specinmen and the top of the mold in mm
H1, H 2, H 3, H4 = height at four quarter points around the circunference
of the nold in mm
Ht5 = height at the center in mm



7.5.4 Calculate the cross sectional area of the specimen.
As = (3.14 x L)/ 4

Wer e:
As = cross sectional area of the specimen in nmf.
L = dianeter of the nmold in mm

7.5.5 Cal culate the volunme of the specinen in the nold.
Vs = (Hba - Ha) x As
Vs = volune of the specinmen in the nmold in m?.
aver age hei ght between the top screen and the top of the mold in mm

average hei ght between top of the specinmen and the top of the nold in nm
As = cross sectional area of the specimen in mmf.

7.5.6 Calculate the density of the specimen with 9% noisture in the nold.
Ds9 = Cx (M9 / Vs)
Wher e:
Ds9 = density of the specimen with 9% noisture in the nold in kg/nt.
Ms9 = mass of the specinen with 9% noisture in the mold in g.
Vs = volune of the specimen with 9% noisture in the nold in m?.
C = 1,000,000 = conversion factor fromg/m? to kg/nt.
8. PRCCEDURE

8.1 Place the drain pan on the table adjacent to the sink.

8.2 Place the spacers in the drain pan. Note: The purpose of the spacers is to raise
the bottom of the specinen to the sane el evation as the outlet of the drain pan

8.3 Remove the rubber stopper fromthe bottom of the nold.

8.4 Place the nmold with bottom screen, |aboratory gravel, top screen and speci nen on
the spacers in the drain pan

8.5 Place the reservoir assenbly on top of the nold and secure it in place using
the | ocking ring.

8.6 Connect the tubes to the nmanoneter outlets and affix themin a vertical position
using the clanp and post

8.7 Connect the free end of the upper hose of the reservoir assenbly to the faucet.
8.8 Place the free end of the | ower hose of the reservoir assenbly in the sink

8.9 Place the deflector in the reservoir to disperse the flow of water preventing the
formation of a vortex.

8.10 Turn on the water and begin filling the reservoir



8.11 Qpen the valve in the lid and allowthe air in the nold to escape.

8.12 Gently tap the sides of the nold using a hammer to help renove air trapped in the
voi ds of the specimen.

8.13 Close the valve in the Iid five minutes after the water begins flow ng
continuously through the val ve.

8.14 Adjust the flow of water fromthe faucet to maintain the level in the reservoir
at the nmid-point of the outlet.

8.15 Place a piece of cork in the drain pan outlet to maintain the water level in the
drain pan at the el evation of the bottom of the speci nen as needed.

8.16 Allow the flow of water in the reservoir and drain pan to stabilize for 15 to 30
mnutes to ensure the systemreaches equilibrium

8.17 Measure and record the head of water above the specinmen.
8.18 Determ ne and record the nmass of the dry collection bucket.
8.19 Place the collection bucket in the sink under the drain pan outlet.
8.20 Collect the runoff fromthe drain pan for one mnute.
8.21 Determine and record the nmass of the collection bucket with the runoff.
8.22 Calculate the mass of runoff collected fromthe drain pan in one ninute.
Q= Mr - M
\Wer e:
Q = mass of the runoff fromdrain pan in one mnute in g.
Mor = nmass of collection bucket with runoff in g.
Mo = nass of collection bucket in g.
8.23 Enmpty and dry the collection bucket.
8.24 Repeat steps 8.19 to 8.23 four nore tines to make a total of five iterations.
8.25 Calcul ate the average runoff collected fromthe drain pan in one m nute.
Q=(A+@+WB+ A+ B)/5
Wher e:
Qa = average runoff collected fromthe drain pan in one mnute in g.
Q, @, @B, A, & =runoff collected fromthe drain pan in one mnute in g.
8.26 Conpare each runoff to the average runoff and note any difference |arger than
10% Replace any runoff nmore than 10% above or bel ow the average with another runoff val ue
coll ected over one mnute. Calculate a new average.
8.27 Turn off the water and allow the perneaneter to drain.

8.28 Measure and record the nass of the flat pan

8.29 Transfer the drained specinmen to the flat pan using a scoop



.30

.31

.32

. 33

.34

.35

. 36

.37

Measure and record the nass of the flat pan with the drai ned speci nen.

Cal cul ate the mass of the drai ned speci nmen.

Msd = Mpd - Mo
Wher e
Msd mass of the drained specinmen in g.

Mpd = nmass of the flat pan and drai ned specinen in g.
Mp = mass of the flat pan

Oven dry the drained specinmen in a flat pan accordance with T265.
Measure and record the nass of the flat pan and oven dried specinmen (final).
Cal cul ate the mass of the oven dried specinmen (final).

Msf = Mpsf - Mo

Wher e:

Msf = nmass of oven dried specinmen (final) in g.

Mpsf = mass of flat pan and air dried specimen (final) in g.

Mp = mass of the flat pan in g.

Cal cul ate the mass of water in the drained specinmen.

mass of water in the drained specinen in g.
mass of flat pan and drai ned specinen in g.
Mpsf = mass of the flat pan and oven dried specinmen (final) in g.

Cal cul ate the nmoisture content of the drained specinen to the nearest 0.1%
W= 100% x (Mwmd / Msf)

Wher e:

W = npi sture content of the drained specinmen in %

Mnd mass of water in the drained specinen in g.
M f mass of oven dried specinmen (final) ing

Calcul ate the material | oss fromthe specinmen during the test.
Msl = Msi - Msf

Wher e:
Msl
Msi
W f

mass of specinen lost during the test in g.
mass of air dried specinen (initial) before the test in g.
mass of air dried specinen (final) after the test in g.



8.38 Calculate the wet density of the drained specinen.
Dsd = C x (Msd / Vs)

VWer e:

Dsd = wet density of the drained specinmen in kg/nt.
Msd = nmass of the drained specinen in g.

Vs = volune of the specinen in the nmold in m?.

C = 1,000,000 = conversion factor fromg/m? to kg/nt.

8.39 Calculate the perneability of the specimen.
K=0Qu x (Hha - Ha) / (T x As x Hw)

Wer e:

K = perneability of the specinmen in nisec.

Qa = average runoff collected fromthe drain pan for the actual tinme in g.

Hba aver age hei ght between the top screen and the top of the mold in mm

Ht a aver age hei ght between top of the specinmen and the top of the nold in nm
T =tinme over which a runoff sanple is collected, typically 60 seconds.

As = cross sectional area of the specimen in nmf.

Hw = head of water above the specinen in mm

10. REPORT

10.1 Report the perneability of the specimen using the attached report form



Subj ect: Worksheet for

Permeabi l ity of Aggregates

Mass Air Dry Specinen Initial Average Runoff in One Mnute
Mass Flat Pan (Q) Mass of Bucket (Q)
Mass Pan & Dry Specinmen (g) Mass Bucket & Runoff #1 (g)
Mass Dry Speci men (Q) Mass Runoff #1 (Q)
| Mass Runoff & Runoff #2 (g)
Hei ght Top of Screen to Top of Ml d Mass Runoff #2 (Q)
Hei ght #1 (mm Mass Bucket & Runoff #3 (g)
Hei ght #2 (mm Mass Runoff #3 (Q)
Hei ght #3 (mm Mass Bucket & Runoff #4 (g)
Hei ght #4 (mm Mass Runoff #4 (Q)
Hei ght #5 (mm Mass Bucket & Runoff #5 (g)
Aver age Hei ght (nm Mass Runoff #5 (Q)
| Aver age Runoff (g)
Mass of Water for 9% Misture | |

Mass of Dry Specinen (g)

Mass of Drai ned Speci nen

Mass of 9% of Dry Specinen (g)

Mass Flat Pan (g)

Mass Pan & Drai ned Speci men (Q)

Mass of Conpacted Specinen with 9% Moi sture

Mass Drai ned Speci nen (g)

Mass of Mold & Mdist Specinen (Qg)

Mass of Mold (g) Mass of Air Dry Speci nen Final
Mass of Moist Specinmen (Q) Mass Fl at Pan (Qg)
| Mass Pan and Dry Specinmen (Q)

Hei ght Top of Moist Specinmen to Top of Mdld | Mass Dry Specinen (g)

Hei ght #1 (nm) | |

Hei ght #2 (mm Mass of Water in Drained Specimen
Hei ght #3 (mm Mass Pan & Drai ned Speci men (Q)

Hei ght #4 (mm Mass Pan & Dry Specinmen (g)

Hei ght 35 (mm Mass water in Drai ned Specimen (Q)

Aver age Hei ght (nm

Mbi sture Content of Drained Speci

nen

Area of Mi st Specinmen

Mass WAt er Drai ned Speci nmen (Q)

Di ameter of the Mold (m)

Mass Air Dried Specinen (Q)

Area of Mi st Speci men (nmR)

Mbi sture Content Drai ned Specinmen %

Vol une of Mbi st Speci men Material Lost During Test
Aver age Hei ght of Screen (nm Mass Dry Specimen Initial (Q)
Aver age Hei ght from Speci nen (nmm Mass Dry Specinmen Final (g)

Area of M st Speci men (nmmmR)

Mass Material Lost (Q)

Vol une of Mbi st Specimen (mB)

Wet Density of Drained Specine

Density of Moist Specinen

Mass Drai ned Speci nen (g)

Mass of Mdi st Specinen (g)

Vol ume of Mbi st Specinen (mMmB)

Vol une of Mbi st Specimen (mB)

Wet Density of Specinmen (kg/ nB)

Density of Moist Specinmen (kg/nB)

Pernmeabil ity of Specinen

Average Runoff (g)

Ti me Runoff Collected (s)

Area of Specinen in (mMmR)

Head of Water (nmm

Pernmeability of Specinen (nis)




